A superachromatic quarter-wave retarder using an arbitrary number of waveplates in a broadband spectral range 12 has been proposed. Their design is based on the optimization of a merit function, the achromatism degree (AcD),
INTRODUCTION 25
High-purity polarized light is essential in numerous experi-26 ments and applications [1, 2] . To obtain polarized light, linear 27 polarizers [3], birefringence waveplates [4] , and Fresnel rhombs 28 [5] , among others, can be used. Since the beginning of linear 29 mathematical representations of optical systems carried out by 30 Jones and Mueller [6, 7] , the design of achromatic configura-31 tions, that is, the capability of working properly inside a broad 32 spectral range, has been deeply analyzed. Pancharatnam showed 33 the possibility of obtaining an achromatic system using three 34 birefringent plates of the same material placed in a cascade, 35 and by establishing conditions in the retardation and the ori-36 entation of waveplates (Pancharatnam's type). Therefore, the 37 system behaves as an equivalent retarder element in a wide spec-38 tral range [4] . Using in air, illuminated with a spectrum gλ, and the incidence an-99 gle is normal to each waveplate. Thus,
The retardation of each waveplate is defined by respectively. Thus, the matrix of each waveplate is given by
where i is the imaginary unit. Since matrices Cϕ j ; δ j are uni-107 tary, the product matrix is unitary and defined by
where the symbol X denotes the complex conjugate of X , and
109
A Aϕ j ; δ j and B Bϕ j ; δ j are complex expressions.
110
Therefore, according to the equivalence theorem [24] 
130
where Ω represents an interval of wavelengths, i.e., the spectral to obtain an achromatic configuration. Fig. 2(a) . In order to determine the maximum fluctuation 0.0096°, respectively [ Fig. 2(b) ].
213
Therefore, the choice of one combination or another depends sign. Therefore, in this section, the stability of the AcD using 222 the optimal parameters is discussed for higher intervals of wave-223 lengths. Since jΔ − Δ 0 j 2 gλ ≥ 0, then AcD ≥ 0 for all λ, and 224 as a consequence, when Ω 1 and Ω 2 are two spectral intervals respectively. In Fig. 3 , the stabilities for both cases are shown.
235
When the spectral range is Ω 1 500; 700, the stability of the and the optimization parameters shown in Table 1 for (a) a spectral
range of 400-1000 nm and (b) a spectral range of 500-700 nm. the optimal parameters shown in Table 1. 4 degree, AcD. As an example, this optimization has been carried 250 out for a set of waveplates made of quartz in two spectral ranges, 
